Objectives: To investigate (1) the characteristics of shoulder pain following discharge from rehabilitation for tetraplegia, (2) the relationship between pain and any associated risk factors and (3) the relationship between pain and functional activities, and pain and quality of life. Design: Longitudinal study. Setting: Spinal Injuries Unit, Australia. Methods: Participants (n ¼ 27) were surveyed between 2 and 4 years postinjury. Prospective data on shoulder pain during rehabilitation had been collected previously and allowed comparison with the follow-up data. Data collected included pain intensity and quality, the Wheelchair User's Shoulder Pain Index (WUSPI) and perceived effect of pain on quality of life. Results: Shoulder pain prevalence was 70%. Pain was associated with discharge motor level of C6-T1 (P ¼ 0.003). Pain was most commonly located in the shoulder joint. Pain was primarily aggravated by movement and cold weather and relieved by rest. The most painful activity was lifting an object from overhead. Quality of life was affected by pain in 68.4% of participants. Conclusion: Shoulder pain is common following rehabilitation for tetraplegia and is associated with injury level. Pain is reported during daily tasks and adversely affects quality of life. Areas for further research are identified.
Introduction
Shoulder pain following tetraplegia is a common problem. Prevalence rates of 46-59% have been reported at least 1 year postinjury. [1] [2] [3] The degree of functional independence that a person with tetraplegia can achieve is influenced by shoulder musculoskeletal integrity. [4] [5] [6] Shoulder pain may therefore be functionally and economically equivalent to a higher lesion level. 2 A previous study found that 85% of people with acute tetraplegia have shoulder pain during rehabilitation. 7 There is a lack of information on the period shortly after rehabilitation as previous studies have included participants with widely varying durations of tetraplegia. [1] [2] [3] Little is known about factors which may predispose to the development of pain and therefore, who should be targeted for early intervention. Pain may have a detrimental effect on functional performance and quality of life, 6, 8 but little research has been conducted into this.
Previous authors have not found an association between the prevalence of shoulder pain and age 1, 3 or level of injury (high versus low tetraplegia). 3 Pain has been reported to disturb sleep and to increase with wheelchair propulsion, especially uphill or for prolonged periods 1 and with upper extremity dressing, transfers and reaching. 3 A number of studies have investigated the characteristics of pain following spinal cord injury (SCI) [9] [10] [11] but there is a paucity of research specifically on the characteristics of shoulder pain following rehabilitation. Qualitative pain information may provide some insight into underlying mechanisms of pain.
This study aimed to (1) investigate whether there is a relationship between shoulder pain during rehabilitation and shoulder pain between 2 and 4 years after onset of tetraplegia, (2) describe the characteristics of shoulder pain after discharge, (3) identify factors which may predispose to the development of shoulder pain after discharge, (4) determine whether shoulder pain affects the performance of functional activities and (5) determine whether shoulder pain impacts on quality of life.
Methods

Participants
A survey was posted to all participants who participated in an earlier study of shoulder pain while they were undergoing inpatient rehabilitation in a Spinal Injuries Unit. 7 Participants were previously allocated to one of four groups to describe pain during rehabilitation: painpain (pain on admission and on discharge), pain-no pain  (pain on admission but not on discharge), no pain-pain  (no pain on admission but pain on discharge) and  no pain-no pain (no pain on admission or discharge) . Subject selection criteria were previously described. 7 The survey was sent between two and 4 years postinjury. A follow-up telephone call was made to participants who did not respond, offering them the opportunity to participate via telephone.
Measurements
Demographics Demographic data collected included age, gender and details of SCI. Neurological function was assessed on admission and discharge from rehabilitation using the American Spinal Injury Association (ASIA) International Standards of Classification. 12 This included motor level (most caudal segment with normal motor function) and sensory level (most caudal segment with normal sensory function). The ASIA impairment scale categorised participants as complete SCI (absence of motor and sensory function below the level of the lesion) or incomplete SCI (varying grades of motor and/ or sensory function below the level of the lesion). ASIA scores were also calculated by adding up muscle testing grades for the key muscle group at each spinal level with higher ASIA scores indicating greater overall muscle function.
Pain Participants were asked about pain onset and area. Pain intensity was recorded with the Numerical Rating Scale 101 (NRS-101), 13 which quantifies the perceived level of pain intensity on a scale of 0 (no pain) to 100 (worst possible pain). This scale was selected as it is verbal and thus suited for a telephone interview. The McGill Pain Questionnaire (MPQ) 14 was used to provide information on pain quality. This included verbal descriptors of pain, area of pain and aggravating and relieving factors. Pain rating index scores (PRI) were calculated for the sensory (PRIS), affective (PRIA), evaluative (PRIE) and miscellaneous (PRIM) categories as well as the overall total (PRIT). 14 The Wheelchair User's Shoulder Pain Index (WUSPI) was used to measure pain during functional activities. 15 This was adapted to a verbal scale using the NRS-101 instead of the visual analogue scale to enable the survey to be performed verbally. Participants rated the severity of their pain during 15 functional activities with 0 representing no pain and 100 representing worst possible pain for each activity. Not all participants performed all activities due to differences in functional ability unrelated to shoulder pain therefore the average WUSPI was calculated for each subject by dividing their total score by the number of activities performed.
Other Participants were asked whether their shoulder pain affected their quality of life (QOL). A four-point scale was used with 1 representing 'strongly disagree', 2 'disagree', 3 'agree' and 4 'strongly agree'. Participants were asked to rate their independence for mobility, transfers and dressing. Information was also collected about any treatment received.
The data from the survey were linked to data obtained from the earlier study of pain and range of motion (ROM) during rehabilitation. 7 Ethical approval was obtained from the Princess Alexandra Hospital and the University of Queensland Medical Research Ethics Committees.
Statistics
Descriptive statistics were used for pain prevalence and area. The relationships between pain presence on followup and neurological level, ASIA impairment scale, pain prevalence and pain groups during rehabilitation, QOL and functional level were assessed using Spearman's Rank Order Correlation test. Independent samples t-tests were used to test for differences between the pain and no pain groups for age, ASIA scores, WUSPI scores, pain intensity, MPQ total score and ROM during rehabilitation. Spearman's Rank Order Correlations were used to examine the relationship between QOL and pain intensity, WUSPI and MPQ totals. Owing to multiple comparisons, a significance level of Pp0.01 was used to protect against Type 1 errors.
Results
Of the original 35 participants, 27 agreed to complete the survey. There was no significant difference between those who responded and those who did not with respect to any demographic variables or pain variables during rehabilitation (P40.1). The average age of respondents was 42.5719.9 (mean7SD) years with a range of 16-88 years. Of them, 20 were male. The effect of dominance could not be assessed as only four participants were lefthanded.
In total, 19 participants (70%) reported pain on follow-up; 11 of the 19 reported bilateral pain, three had pain on the left only and five participants reported right side only. All participants with pain reported that pain onset commenced before or within 6 months of discharge.
Of the 10 participants in the previous study who reported pain on admission and discharge from rehabilitation, eight responded to the follow-up and all eight reported pain at the time of follow-up. Approximately 1/2 of the participants in each of the other groups reported pain on follow-up. Only two participants reported constant pain on discharge; therefore, the effect of this on pain prevalence at follow-up could not be assessed. The presence of pain on follow-up was not related to prevalence of pain on admission or discharge or pain group during rehabilitation (P40.2). There was no relationship between the presence of pain on followup and pain intensity or MPQ total score on admission or discharge from rehabilitation (P40.6). Participants with a discharge motor level of C6-T1 (r ¼ À0.545, P ¼ 0.003) were more likely to report pain on follow-up. There was no relationship between pain on follow-up and completeness of lesion (ASIA impairment scale) on admission or discharge or between pain on follow-up and sensory level on admission or discharge. Age was not significantly related to pain.
Range of motion for flexion, abduction and external rotation at 901 abduction as collected in the previous study 7 was not significantly different between the pain and no pain groups.
Of the 19 participants with pain, 16 completed the MPQ. Average scores for each section of the MPQ are shown in Table 1 . The percentage of participants who chose words from each category is presented in Table 2 . Each category was selected by at least one subject. 'Sharp', 'tight', 'nagging' and 'tender' were selected by at least 50% of the participants with 'aching' and 'hot' chosen by 1/3 of participants.
Pain was located in the shoulder joint in 12 participants, the scapula in seven participants, the upper trapezius area in three participants and the upper arm in three participants. Six participants reported pain in more than one area. There was no association between neurological function (level or completeness of injury) and the side of pain or whether pain was bilateral or unilateral. The most common descriptors for each area of pain are presented in Table 3 . Pain was primarily aggravated by movement and cold weather. Rest was the most commonly used method for pain relief followed by heat, stretching and massage.
Walking was the primary means of mobility for the majority of the group (n ¼ 14) followed by attendantpropelled or powerdrive wheelchair (n ¼ 9) with only four participants self-propelling a manual wheelchair. In all, 16 participants performed a standing transfer, five performed a seated transfer and 6 used a hoist. There was no significant difference in independence level between the pain and no pain groups for mobility or transfers. All participants with pain completed the WUSPI. Table 4 illustrates the average score for each item, the number of participants who performed each activity, the number of these with pain and the number with pain greater than 50 on the NRS, considered to be 'moderate-severe pain' for this study. There was a positive correlation between pain intensity and total WUSPI (r ¼ 0.723, P ¼ 0.000) and pain intensity and total MPQ score (r ¼ 0.625, P ¼ 0.01) on Spearman's correlation. Pain intensity and WUSPI total scores were not significantly related to independence level (P40.2). Of the 19 participants with pain, 13 reported that their pain affected their QOL.
All participants except one sought treatment for their shoulder pain. Figure 1 shows the number of participants who chose each treatment and whether the treatments were reported to be helpful.
Discussion
The proportion of participants with pain (70%) is greater than previous studies (46-59%). [1] [2] [3] This may be Bold numbers represent categories chosen by at least 50% the subjects due to differences in inclusion criteria between the current subject group and previous groups. Other studies have included participants with a wide range of SCI duration (up to 48 years), [1] [2] [3] whereas all participants in this study were between 2 and 4 years postinjury. Many of the current group were ASIA D (motor incomplete SCI), whereas others have either studied ASIA D as a separate group and included paraplegia 8 or did not define completeness of injury. [1] [2] [3] Half the current subject group walked as their primary means of mobility whereas others have specified minimum periods of wheelchair use 1 or did not define mobility. 2, 3, 8 Some studies have combined tetraplegia and paraplegia, 3, 8, 16 however, it is difficult to evaluate these studies as there may be different factors contributing to pain such as neurological weakness of shoulder muscles, nerve root involvement and lack of trunk stability. Finally, some authors report on upper extremity pain in general with few specifics on the shoulder. 2, 16, 17 All participants with shoulder pain reported that the pain started during rehabilitation or within 6 months of discharge. Previous studies have reported an incidence of pain in 20% of the group commencing within 1 year in a combined sample of tetraplegia and paraplegia 3 and 53% reporting pain within 5 years. 2 In comparison, Siddall 11 failed to find a relationship between pain at 6 months and pain at 5 years in their survey of musculoskeletal pain, however, their study included areas of pain other than the shoulder. The difference in prevalence rates may be related to the differences between subject groups previously discussed. All participants without pain reported being pain-free within 6 months of discharge, which suggests that the time during and shortly after rehabilitation may be an important determinant of the likelihood of developing pain. Participants who had pain on both admission and discharge from rehabilitation continued to have pain on follow-up; however, the small numbers in this subgroup limits the generalisation of this finding.
Motor levels on discharge were related to pain. This conflicts with earlier reports, 3, 8 however, the previous studies assessed injury level at the time of follow-up and one study was by participants' self-report of injury level 3 which may be inaccurate. Level of injury may change with time causing difficulty comparing results between studies. Injury level in previous studies was broadly divided into C1-C4 and C5-T1. Muscle innervation and expected functional outcomes varies according to injury level so discrimination between injury levels may be important but this may also limit statistical significance due to small numbers of participants. Participants with a discharge level of C6-T1 were more likely to report shoulder pain on follow-up. People with lower injury levels, and therefore more upper limb movement may be more active and therefore more prone to developing pain of a musculoskeletal origin. 6, 18 Most of the words available on the MPQ were used, which indicates the diversity of the pain experience. This may be due in part to the variety of probable causes of shoulder pain. 'Tight', 'tender', 'sharp' and 'nagging' were most commonly chosen. 'Tender' has been used to describe diverse conditions, such as trauma pain, 19 cervicogenic headache, 20 hyperalgesia 20 and acute postoperative pain. 21 It has previously been reported that the word 'tight' may be used to describe cervicogenic headaches, decreased joint mobility and increased muscle activity 20 as well as musculoskeletal pain following SCI. 9 The evaluative word 'nagging' was also attributed to musculoskeletal pain. 9 'Aching' was chosen by one-third of participants. Aching' may describe musculoskeletal pain, 9, 22 but was found by Cardenas 10 to describe both musculoskeletal and SCI pain (defined as neurologic pain below the lesion level in an area without normal sensation). 'Tingling' has been considered a descriptor for neuropathic pain 9,10,22 and was not a common choice in this study. Words such as 'hot' and 'burning' may describe SCI pain more than musculoskeletal pain 10 and these words may indicate a neuropathic component to some pain.
Shoulder joint pain was the most common area of pain and was variously described as 'throbbing', 'sharp', 'aching', 'tight' and 'tender'. These words may describe or relate to trauma or inflammation to various structures within the shoulder joint or the capsule as they may describe pain of musculoskeletal origin. 9, 18, 19, 22 Pain in the upper trapezius region was described as 'sharp', 'pinching', 'pulling', 'hot' and 'tender'. Descriptors of heat may refer to neuropathic pain referred from the cervical spine. 10, 23 Pain in this area may also be a result of muscle overactivity due to neurological weakness in other shoulder muscles and repetitive actions such as wheelchair propulsion. These biomechanical causes would be more likely in the later stages of SCI rather than acutely following injury.
The arm pain reported by participants may be referred from the neck or related to shoulder impingement. 24 It was predominantly unilateral and was not related to level of neurological function. The descriptors of 'shooting', 'stabbing', 'cramping', 'burning' and 'radiating' suggest a neuropathic component. 9, 10, 22 Scapula pain was described as 'pinching', 'taut', 'sharp', 'dull' and 'tight' as well as 'exhausting'. Scapula pain may result from myofascial disorders, 24 thoracic spine problems or be referred from spinal structures between C5 and T6. 25, 24 Arm and scapula pain were the only areas in which a number of participants tended to use affective descriptors such as 'tiring', 'exhausting' and 'troublesome', which indicates different pain experiences to those with pain in other areas.
Overuse injuries from wheelchair propulsion and transfers have commonly been cited as a major cause of shoulder pain but this does not account for the high proportion of nonwheelchair users with pain. Poor proximal stability and scapular control may predispose the shoulder joint to pathology due to abnormal movement patterns. 6, 26, 27 This poor muscle control may result from neurological impairment, pain and/or incorrect movement patterns. Pain was aggravated by movement and improved with rest, heat and stretching, indicative of musculoskeletal pain. 23 Cold weather also worsened the pain suggestive of neuropathic pain with cold hyperalgesia. 28 Further investigations need to be conducted to clarify these mechanisms and enable appropriate selection of treatment.
The majority of participants agreed that pain affected their QOL. This concurs with a previous study of selfreported general health. 8 Total WUSPI correlated significantly with pain intensity. The most painful activity was lifting overhead. Activities such as sleeping, driving, pushing a wheelchair, transfers, putting on a t-shirt and work activities also scored highly as has been found by others. 1, 3 Caution must be taken when interpreting some of these results due to the small number of participants who performed some of the activities (especially wheelchair skills). Overhead lifting did not score particularly highly in Curtis' 1 study. It may be that the current participants, many of whom walk, may live primarily in an ablebodied person's environment requiring more overhead activities compared with a person in a wheelchair in a modified home.
All but one participant in this study had sought treatment for their pain in contrast to the study by Curtis' 1 where the majority of participants did not. The patients in the current study were more recently injured and therefore more recently exposed to medical and other treatments while in hospital and may be more likely to seek help for pain. People with long-term SCI may be more likely to self-treat or to expect to have some pain and not seek treatment. The most popular treatments were physiotherapy, massage and heat. Positive responses to these modalities suggest a musculoskeletal component to pain, however, all patients continued to have pain despite treatment. This suggests that treatment may not have been sufficiently comprehensive or that pain mechanisms may be more complex and that a multifactorial approach may be needed.
Limitations
Small participant numbers, particularly in subgroups of pain and area of pain limit the ability to find statistically significant results and therefore limits generalisation. There was a high proportion of people who walk and relatively few participants who regularly performed activities such as seated transfers and wheelchair skills making it difficult to accurately assess the effect of pain on these activities. The WUSPI was adapted to enable it to be administered verbally, therefore we cannot compare absolute scores with other authors although the relative difficulty of an activity due to pain can still be compared. Questions have been raised about the factor structure of the MPQ 29, 30 and overlap between subclasses. 31, 32 At the time this study was commenced the MPQ was the most comprehensive, validated tool available to qualitatively describe pain. Information about specific pain qualities may be lost when only section totals are given so we have reported on individual subclasses. No investigative diagnostic tests were performed (eg ultrasound, MRI), which would have aided diagnosis of pain causes. A combination of diagnostic tests and pain characteristics may help to explain the pain mechanisms involved.
Conclusions
This is the first study to qualitatively describe shoulder pain following discharge from rehabilition following acute tetraplegia. Traditionally, shoulder pain after SCI has been partly blamed on shoulder joint weight bearing during transfers or use of walking aids, wheelchair propulsion and wheelchair posture. The results of this study indicate that a high proportion of people with SCI who do not use wheelchairs still complain of shoulder pain. Therefore, there must be other factors contributing to shoulder pain posttetraplegia. Future research needs to focus on identifying the relative contribution that these different factors may have in the development and continuation of shoulder pain. This will help to direct appropriate and effective prevention and management strategies.
